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OIL-MIXED PORTLAND CEMENT CONCRETE. 

By Logan WALLER Pages, Director, Office of Public Roads. 

INTRODUCTION. 

The enormous growth of the American Portland cement industry, 
with its production of 22,342,973 barrels of cement in 1903 and 
92,949,102! barrels in 1913, 1s striking evidence of the widespread use 
of this deservedly popular material of construction. Combined with 
sand and stone or gravel in the correct proportions and mixed with 
the proper amount of water, the resultant product—concrete—is a 
structural material of perhaps more universal adaptation than any 
other material now in use. Its application to foundations for heavy 
machinery, to dams, walls, bridge piers, tunnels, subways, and build- 
ing blocks is well known. When properly reinforced with steel, its 
use is even more widely extended to the construction of bridges, vats, 
sewers, water conduits, and numerous other classes of construction. 

The farmer has found concrete to be of material benefit to him in 
building various farm structures which were formerly made of more 
perishable materials. Thus, when reinforced with steel wire or rods, 
fence posts may be made with an interminable life and at very low 
cost. Itis also exceedingly well adapted to the construction of water 
tanks, cisterns, silos, pavements, floors, buildings, feeding troughs, etc. 
Simplicity and ease of manufacture and of manipulationin construction 
work, great strength and durability, and comparatively low cost are 
some of the considerations which render its application so universal. 

In spite, however, of the many virtues possessed by concrete as a 
material of construction, faults are apparent in its tendency to crack, 

_ owing to external temperature changes, to the rise and subsequent fall 
of internal temperature while it is hardening, and to the shrinkage 

_which accompanies the drying out of the mass. Then, too, as ordi- 
_narily made, concrete is more or less porous and absorbent of mois- 
_ ture—characteristics of the material which are plainly evident in the 
damp appearance of concrete houses after a period of wet weather, in 
leaky basement walls and floors, and in reservoirs which persist in 
losing water. 

1 Figures supplied by U.S. Geological Survey. 

NotE.—This bulletin is a revision of Bulletin 46, Office of Public Roads, and is of interest to those using 
Mmoisture-proof cement concrete. 
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If concrete could be made less absorbent of moisture and less porous, 
its ability to withstand the penetration of water would be greatly 
increased, and the material would then be a much more desirable one 
for structures in which it is now used with only partial success. 

OIL-MIXED CONCRETE. 

While experimenting in the Office of Public Roads in an attempt 
to develop a nonabsorbent, resilient, and dustless road material, one 
capable of withstanding the severe shearing and raveling action of 
automobile traffic, the writer’s investigations led him into a very 
promising discovery. He found that when a heavy mineral residual 
oil was mixed with Portland cement paste it entirely disappeared in 
the mixture, and, furthermore, did not separate from the other ingre- 
dients after the cement had become hard. The possibilities of oil- 
cement mixtures for waterproofing purposes were recognized, and 
extensive laboratory tests were immediately begun to determine the 
physical properties of concrete and mortar containing various quan- 
tities of oil admixtures. | 

These tests have now extended over a period of considerably more 
than two years. Many valuable data have been obtained, through 
both laboratory and service tests, which demonstrate very defi- 
nitely the worth of oil-mixed concrete in damp-proof and waterproof 
structures. Detailed results of. these various tests are given in the 
appendix. The conclusions so far reached may be summarized briefly 
as follows: 

It has been shown that the admixture of oil is not detrimental to 
the tensile strength of mortar composed of 1 part cement and 3 parts 
sand when the oil added does not exceed 10 per cent of the weight 
of the cement used. The compressive strength of mortar and of 
concrete suffers slightly with the addition of oil, although when not 
to exceed 10 per cent of oil is added the decrease in strength is not 
serious. Concrete mixed with oil requires a period of time from 50 
to 100 per cent longer to set hard than does plain concrete, but the 
increase in strength is nearly as rapid in the oil-mixed material as in 
‘the plain concrete. 

Concrete and mortar containing oil admixtures are almost per- 
fectly nonabsorbent of water and are therefore excellent materials to 
use in damp-proof construction. The addition of oil, however, does 
not appear to increase to any great extent the impermeability of con- 
crete subjected to heavy water pressure, and this method alone will 
probably not make the concrete proof against the actual percolation 
of water through the mass. It has been found that strict attention 
to the details of proportioning, mixing, and placing concrete accom- 
plishes more toward making it waterproof or impermeable than the 
addition of any extraneous material. On the other hand, no amount 
of care in connection with the preparation of concrete prevents the 
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absorption of water into the mass. The addition of some water- 
repellent compound appears absolutely necessary to insure this result, 
and for this purpose laboratory tests have shown these oils to be at 
least equal to any other substance that has been used. Laboratory 
tests show that oil-mixed concrete is just as tough and stiff as plain 
concrete, and, furthermore, its elastic behavior within working limits 
of stress is identical with that of plain concrete. 

The bond between concrete and plain-bar reinforcement is decreased 
by the use of oil in the concrete, but when deformed bars, wire mesh, 
or expanded metal is used there is no apparent decrease in the bond. 

With the view of determining what effect the addition of oil to 
cement mortar would have in retarding the action of alkali salts on 
the cement, a series of experiments was conducted which seemed to 
indicate that the action of the salt solution is materially retarded by 
the addition of 5 to 10 per cent of oil toa 1:3 mixture. Plate I shows 
a view of a series of briquettes subjected for one year to the action 
of a 10 per cent solution of sodium sulphate. The briquettes in the 
upper row contained 10 per cent of oil; those in the middle row, 5 per 
cent of oil; and those in the bottom row, no oil. 

SERVICE TESTS. 

Two bridge surfaces of oil-mixed concrete were laid during April 
and May, 1910, in the borough of Richmond, New York City. About 
400 feet of street were surfaced in 1910 in the city of Washington. 
Likewise, in the suburbs of Harrisburg, Pa., about one-half mile of 
roadway was laid with a 10 per cent oil mixture. Sections of road- 
way containing oil have also been laid on Hillside Avenue, Jamaica, 
N. Y., and at Chevy Chase, Md. Observations to date show that no 
apparent advantage has been gained in these particular cases by the 
addition of oil. 

Service tests of oil-mixed concrete used as a damp-proofing material 
have also been made. A vault 112 feet long by 18 feet wide in the 
United States Treasury Building was constructed in the fall of 
1910. (Pls. II and III.) The side walls of this vault contain 10 per 
cent of oil based on the weight of cement in the mixture. The roof 
was constructed of ordinary reinforced concrete with about 3 inches 
of 10 per cent oil-mixed concrete placed on top. For months the 
roof of this vault was subjected to several feet head of water without 
showing any signs of leakage. Another vault in the north end of the 
Treasury, on account of leaking, had never been available for storing 
anything of value. Ouil-mixed concrete was placed on the roof of 
this vault and it is perfectly dry at the present time. Numerous 
floors of the subbasement of the Treasury Building and in the new 
Bureau of Engraving and Printing, and a floor in the Office of Public 
Roads, have been constructed with oil-mixed concrete and have 

| remained entirely free from dampness up to the present time. 
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Several tanks constructed of oil-mixed concrete in the testing lab- 
oratory of the Office of Public Roads have remained absolutely water- 
tight since their completion over a year ago. One of these tanks 
was made of a mixture of concrete composed of 1 part of cement, 
2 parts of sand, and 4 parts of stone, mixed with 10 per cent of oil 
based on the weight of cement in the mixture. It is used for storing 
‘concrete test specimens and is 14 feet long by 5 feet wide by 44 feet 
deep. The bottom of this tank is 4 inches thick and is deposited on 
the cement floor of the laboratory. The sides are 6 inches in thick- 
ness and are reinforced with one-half inch deformed steel bars. A 
second tank was built very successfully merely by plastering oil- 
mixed Portland cement mortar against one-half inch mesh expanded 
metal. Although the sides and bottom of this tank are but 1 inch 
thick, it is absolutely water-tight against about 2 feet of head. 
A number of firms, corporations, and individuals applied to the 

Office of Public Roads for information in regard to using this oil- 
cement concrete in various structures. In these cases the office sup- 
plied the oil specifications and directions for mixing and applying 
the materials, but no supervision. Later, inquiries were made rela- 
tive to the success met with where the specifications had been fol- 
lowed. Many of these inquiries were not answered, but of the 29 
replies received from persons who had used the oil-cement concrete, 
only 3 were wholly unfavorable, while 1 was partly so. Of the 3 un- 
favorable replies, 1 referred to the use of the material for paving blocks, 
and another to its use in the construction of tanks for holding acids. 
A summary of these 29 replies is given in Table1. As considerable 

difficulty was encountered in securing oils that met the specifications, 
substitute oils were used in some instances. 

TABLE 1.—Results obtained in the use of orl concrete as a waterproofing material in actual 
SeETVICE. 

RESULTS FAVORABLE. 

Proportions | Character of | Character of waterproofing 
ply Nature of work. pee and consist- | workman- required and results ob- 
No 2 ency. ship. tained. 

iC pernon esting tank; floor Ges [Rasiaieepiente trek Dae Expert..-.- .| Results satisfactory in every ~ 
or toilet; plaster parti- way. 
tions on metal lath. : : “ 

2C | Retaining wall.._....-..- OP IESES Guet)as|seoee dots ete Waterproof interior against 
damp earth. Results gen- 
erally satisfactory. 3 

3A | 14-inch finish on exposed | 1 gallon | Bag cement ]-.-.-- do.......| To waterproof floor against 
floor over water tank. to bag to 4 bar- percolation of rain water. 

cement.| rows sand. Results good. Oil cement 
eet AGE fast as that 
without oil. 

4A | Swimming pool, 20-inch |...do_.....}...-- dota e Cee dora: Be Seratch coat 4 inch thick 

Lr ares on ee a proofed with ‘‘Ceresit. ile lal : if 
Unsatisfactory (5 feet Aes ood Bo 
water in tank). eaked. Tile adhered weil. 

5B | Roof of tool house and silo. -! 10 1:6 | Not expert. - pee 1 ea on mee 
ath. esults very good. 

6B | Cellar of dwelling house....| 3 gallon 1:2:2 | Not expert-.-.| 1 foot water in cellar before 
to bag. waterproofing. Absolutely 

water-tight after using oil 
concrete. 
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TaBLE 1.—Results obtained in the use of orl concrete as a waterproofing material in actual 
service—Continued. 

RESULTS FAVORABLE—Continued. 

Re- | 

Ro, 
TA 

8A 

9A 

10A 

11A 

12B 

13B 

14B 

15B 

16B 

17A 

18B 

19B 

20B 

21B 

22B 

23B 
244. 

25A, 

Character of P t Proportions Character of waterproofing 
Nature of work. 11 ea and consist- | workman- required and results ob- 

restless ency. ship. tained. 

Cellar walls and floor 21 by 10 1:2:4 | Expert...-.- To waterproof against super- 
43 by 5 feet; walls 18 saturated earth filling. 
inches. Excellent results. Feels 

assured as to value of oil for 
this class of work. 

Riaine= waten) cistern. US. o see Gea erat is eee aa Se td Probably tight. No water 
inches under ground; 15 comes into cellar 6 feet dis- 
by 15 by 10 feet; 14-inch tant. 
walls. 

Water tank—inside walls 10 1:3:3 | Expert...... Oil appears to be beneficial. 
lined with mortar con- 
taining hydrated lime 
and ‘‘Aquabar.’’ 

Water tanks of various 5 TCO Ose do. Oil mortar used to plaster in- 
sizes and floors. side of tanks. Results sat- 

isfactory. Floors satisfac- 
tory. Dry up quickly after 
flushing. Mortar “works” 
much better than plain. 

Floor of machine shop 12 5 ee Dic ates do. -| Construction recent, but ap- 
by 15 feet; 2-inch top. parently satisfactory. 

Floor in corn bin; and a 5] 1:3 20 per | Not expert..| Roof tight exceptat one place 
poultry house complete cent hyd. where crack formed. Re- 
(floor, walls, roof). lime. sults good. Recommends 

use of oil. 
Walls and floor of hog house 5 SRS QHU IS ite GOS Damp-proofing desired. 

bees Great success. 
Foundations (8 inches 5 | 1:3:4 (wet)..| Moderately | Walls are perfectly damp- 

thick) and cistern (12 expert. proof. 
feet deep). 

Floor of grain bins......... 15 | 1:1 (wet).-..| Not expert..| Is perleouy hard and water- 
proof. 

Paving block 12 by 14 by 5 BS WSS AGREE Ve lances do.... Makes hard, very smooth 
feet; oil mixture used as wet). surface, impervious to 
facing. moisture because nonpor- 

ous. 
Concrete silos...--...-.-..-- 5 1:24:44 | Expert...... Results generally satisfac- 

: 1:2:4 (wet). tory. 
Concrete arch; facing of 10 DD lps: do: fox Waterproofed concrete in ex- 

soffit. cellent condition. Nonwa- 
terproofed concrete badly 

ye disintegrated. 
Plaster coat to inside of 10 | 1:4 (wet)....}..... Goze Waterproofing seemingly 

cistern 4 inch. perfect. No known dete- 
mee ‘ rioration. 

Renovating leaky cistern; AD ING segue Not expert..| Results very satisfactory. 
zs inch coat followed by Absolutely waterproof. 
brush coat. . 

ener wall, 4-inch plaster 8) 253) Cweb)c. |e. Goweeeee Wall so far waterproof. 
coat. 

Basement walls of a build- 2 SUR SLSR ey sce ee tose Absolutely waterproof and 
ing subject to action of damp-proof. Stone wall 
ground water. neue continually admits 

| water. 
Tank for wood pulp....... (1) (1) (1) ; Results entirely satisfactory. 
Lining a cellar wall, sub- 10 | 1:2:4 (wet)..| Expert.....- Only trouble slight sweating 
jected to 4 feet head of through joints. 
water; wall 6 inches thick. 

Vault walls, basement 6 1:3:4 | Moderately | Wall sustains weight of 
floor, freight elevator pit. 

RESULTS UNFAVORABLE. 

expert. street, is waterproof and 
very satisfactory. No 
other method of damp- 
proofing so thorough and 
satisfactory; none so inex- 
pensive. 

QL Re ST Ai aE SG end a eco AN 

1B 

2B 

3B 

4 

Cement blocks for track 
paving. 

Tank to hold i per cent sol- 
uble sulphuric acid at 
150° F. 

Floor of cellar 2-inch top... 

Cellar 4 inch thick......... 

NOD ZEArGyet)) as |e ees 

(*) 

6} 1:3 (very ; Expert..---. 
wet 

(?) 

(1) Not expert. - 

Not successful. Blocks never 
used. Oil was added for 
toughness. 

Not successful. Acid dis- 
solved conerete. 

Has as much water as before 
coating was applied. 

Keeps about one-half volume 
of water out of cellar. 

oe ET oe tt aS SY PR NE Gal Hae Ie Ll NN MN YO ano ae Ws cmt ie ee ae Sa 

1 Used according to specifications. 2No data kept. 
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A very interesting experiment showing the nonabsorbent and non- 
permeable character of oil-mixed mortar when subjected to low pres- 
sure is incompletely shown in Plate IV. Four mortar receptacles, 
8 inches in outside diameter, 24 inches high, and with walls and 
bottom one-half inch in thickness, were immersed in water to a 
depth of about 2 inches after they had cured in moist air for one 
week. A mortar mixture of 1 part of cement to 3 parts of sand was 
used. Specimen No. 1, which contained no oil, showed a damp spot 
on the inside after immersion for about one minute. After one 
hour’s immersion it was damp over the entire inner surface to a 
height somewhat greater than the level of the water in the dish. 
This was caused in part by capillarity. Within a few days water 
had penetrated this receptacle until the level inside was the same 
as that outside. The remaining three vessels, made of 1:3 mortar 
and mixed with 5, 10, and 20 per cent of oil, respectively, remained 
perfectly dry on the inside during immersion for one year. 

All of these experiments have given very encouraging results and 
point to the use of oil-mixed mortars and concretes as a cheap and 
effective solution of the problem of waterproofing for a great many 
types of concrete construction. 

MATERIALS USED. 

As ordinarily made, concrete consists of a mixture of cement, sand, © 
broken stone or gravel, and water. Oil-mixed concrete differs from 
ordinary concrete only in that oil is an additional ingredient in the 
mixture. It is important that the materials used in any concrete 
mixture be of the proper kind and be combined in the correct pro- 
portions for the work in hand. 

CEMENT. 

By far the best cement for use in oil-mixed concrete is Portland 
cement, not only because of its more uniform quality, but also be- 
cause of its greater strength, which permits it to be mixed with a 
larger percentage of properly proportioned aggregate. For unim- 
portant work it is usually safe to select a brand of cement of well- 
known reputation and use it without testing, although even for 
work of an insignificant character it is preferable to test the cement 
for its soundness or its liability to disintegrate. 3 
A very quick test for soundness may be made by kneading some of 

the cement with enough water to form a paste of such consistency | 
that it may be molded into a ball without crumbling. This ball, 
which should be about 14 inches in diameter, should be allowed to 
harden under a moistened cloth for 24 hours, after which it should 
be placed in a pan of cold water, and the water heated to the boiling 
point. If the cement ball shows no signs of cracking after boiling 



OIL-MIXED PORTLAND CEMENT CONCRETE. (i 

for three hours and remains hard and not disintegrated in any way, 
the indications are strongly in favor of the fitness of the sample. 

On work of any importance, the cement should be carefully 
sampled and tested by a testing laboratory equipped for that purpose. 

SAND. 

The character of the sand used in a concrete mixture has a marked 
effect on the strength of the concrete. The sand should be clean and 
coarse. It is not advisable to permit more than 5 per cent of silt or 
clay in the sand, since both of these materials tend to weaken a rich 
concrete mixture when present in large quantities. The sand grains 
should be coarse; that is, should be graded in size from one thirty- 
second up to one-eighth or one-fourth inch in diameter. Sand 
graded in size from small to large makes a denser and stronger mortar 
than sand of uniform size. Should fine sand be the only material 
available, it will be necessary to use an increased quantity of cement 
in order to obtain the same strength that would be obtained from 
the use of a coarser sand. 

STONE. 

The best rocks for concrete are, in general, the traps and granites, 
although some varieties of sandstone and limestone give very good 
results. Gravel which is clean makes an excellent material for use 
in concrete. The best results are usually obtained with stone graded 
in size from one-fourth inch up to 14 inches, but for reinforced 
work a maximum size of 1 inch is preferable. Whenever gravel is 
used, it should be screened through a one-fourth inch mesh screen 
and the finer particles should be later recombined with the coarser 
particles in the correct proportions. It is not a wise procedure to 
mix cement with the gravel as it comes from the bank, since the sand 
and larger pebbles are generally not proportioned correctly to obtain 
the densest and strongest concrete. 

WATER. 

The mixing water should be clean and free from all strong acids, 
_ alkalies, and vegetable matter. 

SPECIFICATIONS FOR OIL TO BE USED IN OIL-CEMENT CONCRETE. 

(Subject to revision.) 

| (1) The oil shall be a fluid petroleum product and shall contain 

_no admixture of fatty or vegetable oils. 
(2) It shall have a specific gravity not greater than 0.945 at a 

_ temperature of 25° C. 
(3) It shall show a flash point of not less than 150° C. by the closed- 

cup method. 
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(4) When 240-cc. of the oil is heated in an Engler viscosimeter to 
50° C., and maintained at that temperature for at least three mimutes, 
the first 100 cc. which flows out shall show a specific viscosity of not 
less than 15 nor more than 30. 

(5) When 1 part of the oil is shaken up with 2 parts of hundredth 
normal caustic soda, there shall be no emulsification, and upon 
allowing the mixture to remain quiet the two components shall 
rapidly separate in distinct layers. 

The general purpose of the above clauses is as follows: 
Clause 1 eliminates compounded products in which the presence 

of saponifiable oils would break down the strength of the cement. 
Clause 5 has a similar purpose in eliminating certain straight petro- 
leum residuals which readily emulsify with alkali, and seriously 
impair the strength of the mortar to which they are added. Clauses 
2, 3, and 4 combine to prevent the use of certain asphaitic oils which 
prove detrimental to the strength of the concrete, and clause 4, in 
particular, prescribes an oil of such viscosity as to be readily miscible 
with the mortar, while still possessing sufficient body to render the 
structure damp proof. 

METHOD OF MAKING. 

For most purposes where damp-proofing is required 5 per cent of 
oil based on the weight of cement in the mixture is all that is neces- — 
sary. A bag of cement weighs 94 pounds, and consequently, for 
each bag of cement used in the mixture, 4.7 pounds or about 24 
quarts of oil are required. 

Let it be supposed that a batch of concrete fequiring two bags of 
cement is to be mixed in the proportions of 1 part of cement to 2 
parts of sand to 4 parts of broken stone or gravel, together with 5 
per cent of oil. Four cubic feet of sand are first measured out in a 
bottomless box 12 inches deep and 2 feet on each side. On top of 
the sand is spread the cement and these materials are mixed together 
until they appear to be of uniform color. Water is then added to the 
mixture and the mass again mixed to a mortar of mushy consistency. 
Five quarts of oil are then measured out and added to the mortar, 
and the mass again turned until there is no trace of oil visible on the 
surface of the mortar. Particular care should be taken to continue 
the mixing until the ou is thoroughly incorporated in the mixture. 

’ Experience has shown that to msure the very best results the length 
-of time of mixing should be practically double that required when 
oul is not used. The oil-mixed mortar is then combined with the 

- stone or gravel previously moistened and the mass is again turned 
— until all of the stone is thoroughly coated with the mortar and the 
mass is uniformly mixed throughout. Should only oil-mixed mortar 
be desired, the process is similar to that above described except that — 
no stone is added. 
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BRIQUETTES SHOWING REPELLENT ACTION OF OIL-CEMENT CONCRETE ON ALKALI 

WATER. 

Top row contained 10 per cent of semiasphaltic oil; middle row contained 5 per cent of semi- 
asphaltic oil; bottom row contained no oil. Briquettes were immersed one year in a 10 per 
cent solution of sodium sulphate. 
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In a machine mixer the cement, sand, and water are first mixed 

to a mortar, when alternate batches of oil and stone are added until 

the required quantity of oil is mixed, and then the remainder of the 
stone is added and mixed. When a batch mixer is used, the exact 
method of procedure should be determined by experiment, owing to 
the fact that different makes of mixers require slightly different 
handling to insure best results. A continuous mixer should not be 
used in oil-cement-concrete work, as with this type the time of mix- 
ing can not readily be increased to the extent necessary to insure a 
uniform distribution of the oil. 

MATERIALS REQUIRED FOR | CUBIC YARD. 

The following table gives the proportions by parts and amounts 
required of cement, sand, stone, and oil to make a cubic yard of oil- 
mixed mortar and concrete: 

TABLE 2.—Quantities of materials required for 1 cubic yard of oil-mixed mortar and 
concrete. 

Proportions by parts. g 

ee ese poe ( Oil 
RPOTERGe Oil (barrels!). ards). (cubic |(gallons?). 

Cement. | Sand. | ‘sravel. |(percent). y yards). 

Tbe Sls le SS Bee ase 3 SEOs eee ON penal US ae sos 12.1 
1 Pag ee sa a See 5 3.32 OROSS PAs ee ee S. a 

5 : 1 Be eee { i: \ 2, 48 1505 i ee { iS aa 

1 0 eens { e \ 1.98 Tet ee { oa 
1 4 5 Tie 44 0. 88 3. 81 

5 3. 15 1 24 5 { iy \ 1.30 46 eee 
5) 2. 69 1 3 6 { i \ 11 47 94 { 2? 

1 One barrel of cement equals 4 bags. 2 Oil weighs about 7? pounds per gallon. 

USES. 

All of the laboratory and service tests thus far made on oil-mixed 
mortars and concretes are indicative of a wide future usefulness for 
these materials, principally in damp-proof construction. There are 
many types of structures through which the permeation of moisture 
is ruinous to either the appearance or the efficiency of the construc- 
tion, or is seriously detrimental to the health of either animal or 
human life. The efflorescence due to the leaching out and subsequent 
carbonization of the lime on the surface of a concrete wall might 
well be prevented by the incorporation of an agent capable of ex- 
cluding all moisture. Again, the dampness of many cellars, with its 
danger to health, could have been prevented had the walls and floors 
been damp-proofed. The following types of structures might be 
damp-proofed at an exceedingly slight extra expense by the incorpo- 
ration of a small amount of the proper kind of mineral oil residuum 

88768°—Bull 230—15—2 : 
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with the mortar or concrete used in construction: Basement floors, 
basement walls, watering troughs, cisterns, barns, silos, irrigating 
canals, the concrete base for bituminous concrete and asphalt road- 
ways, concrete blocks, roofs, stucco, and numerous important engi- 
neering constructions. 

BASEMENT FLOORS. 

A basement floor which will remain perfectly dry may be con- 
structed at a cost but very slightly higher than that of the ordinary 
basement floor by the incorporation of a petroleum residuum oil 
with the ordinary concrete mixture. The following method of con-. 
struction, using an oil-cement mixture, is suggested as one which 
will prevent the permeation of moisture even from a very wet subsoil. 

It will be well, if the underlying soil is very wet, to lay a 6-inch 
foundation of sand, cinders, broken stone, or gravel, compacting 
these materials well by tamping. In addition, it will be of advantage 
to employ drain tiles in this porous foundation, leading them to a 
sewer if possible. On top of the foundations should be laid a 4-inch 
layer of concrete mixed in the proportions of 1 part of Portland 
cement, 24 parts of sand, and 5 parts of broken stone or gravel. 
Before the concrete base has hardened, a top or wearing coat of mortar 
mixed in the proportions of 1 part of cement and 2 parts of sand or 
stone screenings, and containing 5 per cent of oil (24 quarts per bag 
of cement) should be laid. This top coat, because of its nonabsorbent 
character, will give perfect protection from underlying moisture, and 
moreover it will build a floor which will dry out very quickly after 
washing, since practically none of the washing water will be absorbed. 

It might be thought that the addition of oil to the mortar wearing 
coat would tend to make the surface sippery. Such, however, is not 
the case; nor is the appearance very much different from that of an 
ordinary cement floor. Should joints be provided for expansion and 
contraction, it will be necessary to fill them with a good bituminous 
filler to prevent the entrance of water. 
Many cellar floors now made of Portland cement concrete are 

giving trouble owing to the permeating moisture: They are con-. 
tinually damp and, owing in part to the constant evaporation from 
their surface, they are cold. Such a condition may be remedied by 
the application of an oil-mixed mortar coat to the surface of the old 
floor. Before attempting to lay the new wearing surface, the old 
floor should be scrubbed thoroughly clean and should be made 
thoroughly wet. The bond between the old and the new work will 
be improved if the old surface be roughened with a stone hammer. 
A wash composed of 1 part of hydrochloric acid and 5 parts of water 
may be used to clean the surface. This will dissolve some of the 
cement from the old work, leaving the aggregate exposed. The acid 
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solution should be left on not longer than half an hour, when it 
should be completely removed with clean water. The surface should 
then be brushed with a wire or stiff scrubbing brush to remove any 
particles of sand which may have become loosened because of the 
dissolving of the cement. 
A mortar composed of 1 part of cement and 2 parts of sand and 

containing 5 per cent of oil will be sufficiently nonabsorbent for the 
new wearing coat. To strengthen the bond it will be well to apply a 
wash of grout, made by mixing cement with water to the consistency 
of cream, before laying the oil-mixed mortar coat. For the ordinary 
basement floor a 1-inch layer of mortar will prove of sufficient thick- 
ness. It will be necessary to keep the new mortar damp for at least 
one week in order that it may attain its proper strength. 

CELLAR WALLS. 

The entrance of moisture through the walls is another common 
source of damp basements. The water pressure in the soil adjacent 
to the wall is very seldom of great magnitude, so that a material 
nonporous and at the same time impermeable under moderate pres- 
sures is the logical one to use for this type of construction. 
A concrete mixture in the proportions of 1 part of cement, 24 

parts of sand, and 5 parts of gravel or broken stone, together with 10 
per cent of oil based on the weight of cement in the mixture, should 
prove amply rich for most situations. A wall of these proportions, 
12 inches thick and provided with a spread footing, will withstand 
a pressure of 6 feet of earth. When supported at the top by floor 
joists, a much thinner wall may be used with safety. <A 6-inch wall 
7 feet high may be used to withstand 6 feet of earth pressure. Gen- 
erally speaking, such a thin wall should be reinforced by deformed 
steel rods spaced about 2 feet apart in both directions. Any of the 
many types of deformed bars, made especially for reinforcing, may be 
used with perfect results. Care should be taken that the earth is not 
filled in against the back of the wall for at least four weeks after pour- 
ing the concrete, unless the wall is braced on the inside by allowing 
the inner forms to remain in place. 
Many basement walls now built of stone, brick, or concrete are 

giving trouble through leakage. The application of a plaster coat 
of oil-mixed mortar composed of 1 part of cement, 2 parts of sand, 5 
per cent of oil, and enough water to form a rather stiff mortar, will 
prove an efficient remedy for this trouble. The surface to which this 
mortar is to be applied should be roughened with a stone hammer, if 
the old wall is of concrete, or the mortar joints should be raked out to 
a depth of half an inch from brick or masonry walls. The acid wash 
previously described should be applied to cleanse the surface thor- 
oughly, after which the loose particles must be removed with a wire 
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brush or a stiff bristles brush. It will be impossible to obtain a water- 
tight coating if it is applied while water is seeping through the wall. 
It will be well to wait for the dry season, when the ground water is 
reduced to its lowest level, before attempting to waterproof by plas- 
tering. Should water appear to be coming through a well-defined 
crack in the wall, calking with oakum or cotton may be resorted to in 
order to stop the leakage until a plaster coat of oil-mixed mortar can be 
applied. It will be necessary to mix the mortar for plastering to a 
rather dry consistency, and it should be troweled hard in order to 
obtain a hard, dense waterproof surface. A wash of cement and water 
mixed to the consistency of thick cream and applied before the oil- 
mixed mortar coat is put on will aid the new mortar in adhering to the 
old work. The old wall must be thoroughly wet before the new 
mortar coat is apphed. 

WATERING TROUGHS. 

The use of oil-mixed concrete in the construction of watering 
troughs will be found to give excellent results in maintaining them 
in an absolutely water-tight condition. 

For this purpose a mixture of 1 part of Portland cement, 2 parts 
of clean coarse sand, and 4 parts of gravel ranging in size from } 
inch to 1 inch is recommended. The mixture should likewise con- 
tain 10 per cent of oil based on the weight of cement and should — 
be mixed to a jellylike consistency. It will be well to provide wire- 
mesh or steel-rod reinforcement for the bottom and walls. Care 
should be taken to puddle the concrete into place thoroughly and to 
trowel or spade the material next to the molds. This flushes the 
mortar to the surface, making 1t smooth and dense, and rendering a 
finishing coat of plaster unnecessary. Should a very smooth surface 
be desired, an effective finish may be obtained by applying several 
paint coats of oil-mixed cement grout made as follows: Enough 
water should be mixed with cement to form a paste of soft, putty- 
like consistency. To this paste should be added 3 per cent of oil, 
based on the weight of dry cement in the mixture (a 10-quart bucket 
of dry cement requires about a pint of oil for this purpose), and 
the whole should be mixed until the oil is entirely combined with the 
other ingredients. The paste may now be thinned down with more 
water to the consistency of cream, after which it may be applied with 
a stiff brush to the previously dampened concrete. A second coat of 
this oil grout should be applied after the first coat has hardened. 
Care should be taken that it does not dry out too quickly by applying 
it to the dry concrete or exposing it to the direct rays of the sun. A 
trough or tank built as described will be absoiutely water-tight, and, 
furthermore, the waterproofing will have cost almost nothing in com- 
parison with the costs of the other materials. 
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CISTERNS. 

For waterproofing cisterns, oil-mixed concrete will prove of great 
benefit. It is absolutely necessary that cisterns which are buried in 
the ground be waterproofed to prevent contaminated ground water 
from seeping in, as well as to prevent the cistern water from escaping. 
Buried cisterns of rectangular shape should be reinforced to resist 
the earth pressure, which tends to bulge the side walls inward when 
the water runs low. The reinforcement should, therefore, be pro- 
vided on the inside or tension side of the walls. ‘The earth pressure 
will prevent the tank from cracking when it is full of water. 

For cistern construction a mixture composed of 1 part of cement, 
2 parts of sand, and 4 parts of gravel or broken stone, together with 
10 per cent of oil, is effective. The inner faces of the cistern should 
be painted with an oil-mixed cement grout applied with a stiff brush 
and rubbed well into the face of the wall. Two coats of this grout, 
containing about 3 per cent of oil, should be used. 

BARNS. 

Barns constructed of concrete are gradually coming into use because 
of their durability, cleanliness, resistance to fire, and economy. It is 
essential that the interior of these structures be kept free from mois- 
ture, and for this reason it is well to waterproof the concrete mixture 
entering the side walls and floormg. The side walls, unless water- 
proofed, have a tendency during a long beating rain to absorb and 
retain much moisture, and this moisture penetrates to the interior. 

If oil in amount equal to 5 per cent of the weight of cement be 
mixed with the concrete used in the side walls, this damp condition © 
of the interior becomes impossible, because the admixture of oil pre- 
vents the penetration of the moisture. 

Barn floors should be waterproofed by the addition of oil as pre- 
viously described. A damp-proof floor has the advantage of remain- 
ing dry and hence warmer, because there is no evaporation from the 
surface. It is hkewise more sanitary than an ordinary concrete 
floor because of its nonabsorbent character. 

CONCRETE BLOCKS. 

The use of concrete blocks in the building trade is yearly increasing. 
Much criticism has been heaped on the building block, and in many 
cases the criticism has been just. It is recognized that many con- 
crete-block houses are damp, owing to the fact that the walls are 
very porous and absorb and retain much moisture after a heavy, 
beating rain. A building block generally need not be waterproofed — 
against water pressure, but it should, however, be rendered proof 
against the permeation of water by absorption. The use of a small 
quantity of mineral oil in a concrete block renders it extremely non- 



——————————_—_—O eee 

14 BULLETIN 230, U. S. DEPARTMENT OF AGRICULTURE. 

absorbent, so that even after a hard rain there is no danger from 
damp walls. In a 1:2:4 mixture, 5 per cent of oil is a sufficient 
quantity to waterproof properly against absorption. 

ROOFS. 

Portland cement mortar mixed with mineral oil and reinforced 
with steel-wire mesh may be advantageously used in the construction 
of roof slabs. These slabs could be assembled in place on the roof 
after they have attained sufficient hardness. Reimforced concrete 
tiles may also be advantageously made with Portland cement con- 
crete mixed with a small percentage of mineral-oil residuum. 

STUCCO. 

Portland cement stucco is widely used in the construction of many 
residences. This type of construction 1s economical, and, moreover, 
with it many beautiful effects are possible. The term ‘‘stucco”’ is 
given to the exterior finish coat, which may be applied te brick, stone, 
concrete, hollow tile, or frame construction. According to the finish 
desired and the kind of surfacé to be covered, the stucco is applied 
in two or three coats. The first, or scratch coat, should be mixed in 

the proportions of 1 part of Portland cement and 2 parts of clean, 
coarse sand, with enough water to form a good stiff mortar. If 5 
per cent of oil is added to this mixture, the scratch coat will be per- — 
manently waterproof. While this coat is still wet, it is roughened 
with a stick or trowel over the entire surface. The second coat, 
which may be of the same proportions, is plastered on after the first 
coat has set sufficiently to support it. The use of oil in this coat may 
be omitted if desired, and it may be given a rough-cast finish by 
using a trowel conned with burlap or carpet. 
The second coat may also be applied by throwing i on with a 

wooden paddle. This produces a rough surface known as a slap- 
dash finish. A pebble-dash surface may be secured by using a wet 
mixture composed of 1 part cement and 3 parts pebbles one-fourth 
inch in diameter. This mixture is thrown on the second coat while 
it is still soft, and the result is a very pleasing surface. When a 
pebble-dash finish is used, the second coat, as well as-the scratch 

coat, may be mixed with oil. In most constructions the second 
coat will be found superfluous, because a sufficiently thick coating is 
usually obtained from the first application of oil-mixed mortar. 
When stucco is applied to stone or hollow tile, care should always 

be taken to have the surface well moistened or otherwise a great deal 
of water will be absorbed from the mortar coat, and so greatly 
weaken it and cause contraction cracks to form. 

IRRIGATION DITCHES. 

The results of laboratory tests, previously referred to, which indi- 
cate that the presence of oil tends to retard very materially the 
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action of alkalies on concrete, suggests that another field for the use 
_ of oil-cement concrete may be found in the construction of linings 
for irrigating canals and ditches. Many of these canals are in locali- 
ties where the soil is strongly impregnated with alkali salts and 
where the water carried contains alkali in solution. The destructive 
action of alkali is undoubtedly due to the crystallization of the salts 
within the mass of the concrete, or the formation by chemical action 
of compounds of greater volume than the original salts, or to a com- 
bination of both of these actions. 

As the admixture of oil will retard the absorption of water into the 
concrete, it should materially lengthen the life of the liming. In the 
mixing of concrete for this purpose it is, of course, necessary to avoid 
the use of either water or sand containing alkali.! 

CONCRETE BASE FOR ROADWAYS. 

The use of this material should also prove of value for damp- 
proofing the concrete base of roads against the action of ground 
water, which if allowed to pass through will tend to disintegrate the 
road surface. Such action as this is particularly noticeable with 

road surfaces such as asphalt, bituminous concrete, etc. Assuming 
the usual proportions for the concrete base, etc., 10 per cent of oil 
should prove sufficient for this purpose. 

ENGINEERING CONSTRUCTIONS. 

There are many important engineering constructions in which oil- 
mixed mortar or concrete may be advantageously employed. Among 
them may be mentioned aqueducts, buildings, burial vaults, boats, 
foundations, gutters, mausoleums, roofs, sewers, troughs, tanks, and 
wells. In some constructions a coat of oil-mixed mortar is effective, 
while in others oil-mixed concrete may be used throughout. 

It is confidently believed that, if carefully prepared oil-mixed con- 
crete is used in structures of any kind requiring damp-proofing— 
and in such structures careful work is a very important factor in the 
result—there will be no difficulty experienced from leakage and the 
structures will have been damp-proofed at very little extra expense. 

1 More detailed information relative to the use of oil-cement concrete for this purpose may be secured 

by reference to Bulletin No. 126 of the Department of Agriculture. 



APPENDIX. 

PHYSICAL TESTS OF OIL-MIXED PORTLAND-CEMENT CONCRETE. 

| In order to investigate the physical properties of oil-mixed Port- 
-* Jand-cement concrete, the following physical tests were conducted in 

. the testing laboratory of the Office of Public Roads: (1) Tensile 

i strength, (2) crushing strength, (3) time of setting, (4) toughness or 
resistance to impact, (5) seins or modulus of elasticity, (6) absorp- 
tion, (7) peed and (8) bond tests. 

STRENGTH OF 1:3 MORTAR 
(OTTAWA SAND) 

i 3 7 Days. 

it Sse 28 DAYS. 
i a 6 MontHs. 
i & / YEAR. 
f N 2 YEARS 

| wy 
i &. 
; Qe 

g 
8 teed 

TENSILE STRENGTH - 

200 

Per cent of oil. 

Fic. 1.—Effect of oil on tensile strength of 1:3 mortar. 

The materials used consisted of Portland cement, river sand, 
crusher-run gneiss, river gravel, and various kinds of petroleum 
residuum oils. 

The mechanical analysis of the sand, stone, and gravel used is 
siven below: . - 

TaBLE 3.— Mechanical analysis of sand, stone, and gravel. 

Sand. Stone. Gravel. 

Sieve Per cent Sieve Per cent Sieve Per cent 
No. | retained. No. | retained. No. retained. 

Inch. Inch. 
1 inch 3 | 28.4 1 4.2 
Linch 11 4 66. 3 3 8.4 

10 17 + | 92.1 4 30. 2 
20 42 a 98. 4 4 80. 2 
30 66 i 97.7 
40 87 
50 93 

! 80 96 

| 100 99 \ 
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There were 37 per cent of voids in the sand, 43 per cent in the stone, 
and 37 per cent in the gravel. 

The cement passed the specifications of the American Society for 
Testing Materials. 

Wantame: types of oils were used, and these are described in the fol- 
lowing table: 

TaBLE 4.—Analysis of oils used vn oil-cement-concrete mixtures. 

| 
Sample No.— 

4145 4146 | 4147 4149 4170 4923 4981 5053 6464 7393 

UNAS Lenckocese! Hecre seeer u : (1) (1) (7) ) f (1) (1) (1) 
Character setts. cone - eee cee (3) (3) (3) (3) (4) 3) 5 (8) (3) (3) 
Specific gravity at 25°/25° C...| 0.924; 0.910) 0.926) 0.923).....-. 0.945} 0.893] 0.924) 0.904} 0.949 
Per cent of loss at 163° C., 5 

hours) (20 enaims) oes. ee aero - 6.86 | 12. 56 7.98 7.02 | 18.38 Me SDM 2 ele 3.70 | 0.10 | 19.38 
Character of residue..........- (3) (3) (3) (3) (8) (3) (7) (8) (9) (4) 

Per cent of bitumen soluble in 
CSeair temperature........ -| 99.99 | 99.99 | 99.93 | 99.95 | 99.81 | 99.96 | 99.95 | 99.90 | 99.90 | 99.95 

Per cent of organic matter in- 
Solubler Bay seasene ues re: .O1 O01 07 . 05 .13 . 04 02 .07 . 10 . 05 

Per cent of inorganic matter 
ATISOMMOLOe ys een ek ieee = .00 | .00 . 00 . 00 . 06 . 00 . 03 . 03 . 00 .00 

: Total (per cent).......-.- 100. 00 |100. 00 |100. 00 |100. 00 1100. 00 |100.00 |100.00 {100.00 |100. 00 |100. 00 
Per cent of total bitumen in- 

soluble in 86° B. parafiin 
Na phithae es sees aera. 22,23 | 6: 82) |) 10:16:15 2024) 16. 8% \5.-3:46 ! 100 | 4.123 110. 2545 

Mixed carwone 25.2 2 es DEAD Sa On |p olleali els OGe | eat ere: PMS Vee fae Soils Menke, av 2a Si 
Specific viscosity, Engler, 50°C.} 14. 20 6:40) | 182202 |: 20520) (252222 65. 10 2.50 | 17.40 | 13.50 | 12.20 

_ eee ee ee EE 

1 Fluid residual oil. 6 Semisolid, sticky. 
2 Cut-back oil asphalt. 7 Slightly granular, more viscous than original. 
3 Fluid, greasy. 8 Fluid, granular in appearance. 
4 Fluid, sticky. © 9 Very viscous, greasy fluid, rather lumpy; surface waxy. 
6 Fluid, slightly sticky. 

TENSILE STRENGTH. 

TABLE 5.—Tensile strength (1:3 mortar, Ottawa sand). 

Laboratory No. of oil. 

goin] PS 
days. of oil - 4923 4981 5053 6464 7393 

7 0 256 283 244 210 221 
23 299 259 PATE ALS ey cans 230 
5 287 268 313 258 200 

10 252 264 304 308 195 
28 0 296 376 331 275 250 

24 400 327 SOSH ese Aen 270 
5 316 341 334 298 253 

10 331 329 371 403 260 
180 0 326 312 BOD a see resistive 

24 449 323 PAYS | tert anes eE eea er 
5 372 321 BPE leas cohen ecpeaeee 

10 |. 360 319 BBO Maes seas eal IS cine 
360 Oe a2 Gaulle D8 Sirs essa oe yas ae 

23 aVemgear eee 28 Ves errors [eet serra 
5 Bie | libeocoeue BOG) Sl beret Sakae Bee clse 

10%, SA Siem teensy e BAU ec cs iet ear lees oom 
720 0 29 Baal | Bikeeetvemen aabern etek TON Sten 

aN OGG / Ti elaine Sra Retin er en elk Ie 
CO | ears mr soir | ey terres un Ney pen avert Cher! We aed ABS Lae a 

10 Se ere enh lene taal Wieser eae o/c 
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The foregoing results are plotted on figure 1. It will be noticed 
that, in general, the specimens containing oil have a higher tensile 
strength than those without oil. 

CRUSHING STRENGTH. 

Specimens of mortar and concrete containing different percentages 
of various kinds of oils were molded 6 inches in diameter and 6 inches 

high. They were bedded in plaster of Paris and blotting paper, and 
crushed at a speed of 0.152 inch per minute. Table 6 gives the 

_crushing strength of 1:3 oil-mortar specimens for periods of 28, 180, 
and 360 days; and Table 7, the crushing strength of ol-conene 
cylinders tested at various periods up to two years. The results are 
plotted on figures 2 and 3. It will be noted that the crushing strength 
is decreased by the addition of oil, but that the decrease is not serious 
when the amount of oil does not exceed 10 per cent. It will also be 
noted that oil-mixed cement concrete gains in strength with time 
in about the same ratio as untreated concrete. This fact indicates 

that the addition of oil to the mixture in small amounts has no 
disintegrating effect on the cement. This statement holds true for 
periods up to and including two years. 

TaBLE 6.—Compression test of oil-mortar 6 by 6 inch cylinders, proportions 1:3 by weight. 

oe Air cured. | Water cured. 

of oil. 28 days. | 180days. | 360 days. | 28 days. | 180 days. | 360 days. 

Taseese cane: ih B@sssscoss ~ 1,170 (5) i pe (2) | 1,597 (2) 2,135 (6) 2,275 (2) | 2,308 (2) 
ipo ee eee ied 5 4145 1, 050 (2) 830 (2) 1,220 (2) 1,715 (2) 2,160 (2) | 2,240 (2) 
pea Realy ta cys 10 4145 190 Cl) alesse ee See 15320 (1) cise eee eee 
AES SEIS ae ak 15 4145 895 (2) 780 (2) 880 (2) 1, 290 (2) 1,615 (2) | 1,700 (2) 
Dea meen 20 4145 775 (2) 910 (2) 1,125 (2) 1,020 (2) 1,420 (2) | 1,425 (2) 
aig 5 4G} 91S) ee 1110 (2) | 1,770 (2) |....--...2.- 2’ 560 (2) 
33 2S ane 10 4146 830.CD) 4}S. cesses [aoneceneeee 2400 (2) ete a eee 
cope Oe 15 4146 | 1,215(2) | 1,275(2) | 1,670(2) | 1,775(2) | 2,410 (2) | 2,475 2) 
DS Se a 20 4146 935 (2) 1, 295 (2) 1,380 (2) 1,345 (2) 1,640 (2) | 1,780(2 
ihe = ee 5 4147 | 1,405(2)| 1155(2) | 1,715(2) | 1,995(2) | 22475 (2) | 2)700 (2) 
Ware ate |: 10 4147)| -:4070((1) ibs Seen nee 1,720 (1) | oases ee 
ee ess 15 4147 975 (2) | 1,085 (2) | 1,435 (4) | 12670 (2) |" 2,350 (2) | 2, 250 (4) 
pymeie se 20 4147 795(2) | 1,055(2) | 1310(2) | 1,400(2) | 2/010(2) | 1,895 (2) 
pipes Se 5 4149 | 1,305(2) | 1,105(2) | 1,395(2) | 2,220(2)| 27655 (2) | 274501 
(hoe as eee ore 10 4149 VOC) ile. SSS ae eee ee ae V5 750} G1) |izs et | eee 
DS RRR a 5 15 4149 1, 440 (2) 1,395 (2) 1,330 (2) 1,895 (2) 2,215 (2) | 2,320 (2) 
sie ase ae 20 4149]  °925(2)| 12085(2) | 1,135(2)} 13930(2)| 124752) | 1,530(2) 
roe nee ae 5 4170 | 1,010 (2) 940(2) | 1,315(2) | 1,760(2) | 2,065 (2) | 27345(1) 
i Bas hoe 10 4170 980 (2) | 1,005 (2) | 1,510(2) | 1,680(2) | 1,825(2) | 2,200(1) 
7 ee 15 4170 | 1,035(2) | 1170(2) | 13555(2) | 1,265(2) | 123652) | 1,685 (4) 
LORS sono ose 20 4170 890 (2) 1, 220 (2) 1,325 (2) 1,175 (2) 1,340 (2) | 1,375 (1) 

Note.—Numbers in parentheses indicate number of specimens tested. 
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TaBLE 7.—Compression tests of oil-concrete 6 by 6 inch cylinders. 

| | Air cured. Waiter cured. 
Per} , 

ays. 720 days.| 28 days. | 180 days. | 360 days. | 720 days. 
j | a 

oe ese 1:3:6, 0 | 1,020 (3)| 980 (| ,090 (3)| 1,225 (2)) 1,370 (2)} 1,955 (3)} 2,170 (3)| 2,205 (2) 
‘fs 4933 1:3:6) 23 750 (2) $15 (2)) 1, 1,253 (3)} 1,715 (2); 1,580 (8)) 1,900 (2) 
2 ae 4923] 1:3:6 5 | 737(2)| 975 (2)} J, 1,142 (2)} 1,690 (2)} 1,835 (2)| 1,865 (2) 
E Sees 4923] 1:3:6, 10 | 656 (2)) 755 (2)) 961 (3)} 1,400 (2)! 1,440(3)} 1,585 (2) 
10...-} 4923] 1:3:6 15 | 542(2)) 670 (2)| 3) - 750 (2)] 995 (2)| 1,145 (3)}________.- 
11....| 4923) 1:3:6 20 | 695 (2)) $40(2)) 900 (2)} 1,150 (1)} 1,120 (2)] 1,535 (@)} 1,670 (3)} 1,975 @) 
12_._-| 4923] 1:3:6) 25 | 605 (3)] 678 (2)|.-..-...- 1,005 (2)} 620 (2}} 1,030 (2)} 1,120 (3)|--.......- 
13....|:..-.| 1:3:5) 0 | $20(2)} 998 (1)| 1,010 (2)} 1,100 (2)} 1,342 (2)| 1,705 (2)} 1,890 (2)} 2,300 (2) 
14....] 4923) 1:3:5) 23) 787 (2)| 945 (3)| 995 (3)| 1,010 (2)| 1,222 (2)} 1,830(3)} 2,410 (8)} 2,950 (2) 
15....| 4993} 1:3:5) 5 | 715(2)| $22(2)} 912(3)} 940(2)| 1,082 (2)| 1,626 (2)| 1,715 (3)} 1,805 (2) 
16....| 49231  1:3:5, 10] 698(2)} 965 (2) 975 (3)} 1,010 (3)} 1,040 (2) 1,406 (2)} 1,490 (3)} 1,480 (3) 
17....| 4923] 1:3:5, 15 | 693 (2)) $28(3)} 888(3)| $88(2)} 1,040(2)} 1,380 (2)| 1,382 (3)} 1,680 3) 
18....| 4923] 1:3:5, 20] 572(2)| _639(2)|_ 772(2)} 672 (2)| 904 (2)} 1,115 (2) 1,230 (3)| 1,130 (2) 
164..-|.....)1:15:4.5] 0 | 1,880 (2)} 2,050 (2)} 2,365 (2)}........- | 2,185 (2)} 2,670 (2)} 2,950 (2)} 2,850 (2) 
168. .-| 4981) 1:1.5:4.5, 23) 1,345 (2)) 1,490 (2)) 1,560 (1)) 1,855 (2) 1,795 (2)} 2,330 (2) 2,250 (2)} 2,700 (2 
169. ..| 4981] 1:1.5:4.5, 5 | 1,250 (2)! 1,145 (2)] 1,768 (2)| 1,585 (2)} 1,925 (2)| 2,355 (2)| 2,750 (2)| 2,800 (2) 
177... .| 4981) 1:1.5:4.5 au 980 (2)] 845 (2)) 1,170 (3)] 1,085 (2) 1,065 (2)| 1,485 (2)| 15625 (2)| 1/568 (2) 
“TS tas Re al 3 1:2:4 Rage SA Pe | ee apa ee Se 1,920 (2)} 3,280 (2)} 3,350 (2)} 3,370 (2 
490_--) 4923] 1:2:4) 29222222 fees pices | 2,490 (2)} 3,430 (2)} 3,390 (2)} 3,130 (2) 
AgD | 4023-2 $29:4b oe ee fedesoee ee | 2,750(2)) 3,270(2)} 3,110(2)) 3,160 (2 
482... 4923) 1:2:4) 10 |.......__|---_.-.-- pe Seek Peck Sete 2,160 (3)} 2,820 (2)| 3,020 (3)|_...-.-._- 
S0DE. ho IT 54512 Ole ae a ape eis ales I 2, CA... = Se ee 
SHE 17898) 121-524.5] BH} aseasc oe Sele Se Bs [-s Sada As See [.-s- 2 eee 
$02...| 7393, 1:15:45; 5 | 1,290)... Ecce eee 1,85) ee ee 
808... .| 7393] 1:1.5:4.5 10 Te Wis Games Eos eee (Be pe eel Bete ere Xl (Bd es 
796....|...-.]1:1.5:4.5} 0 Td, Cee eee ead = A a een bea ore pomaneec 
797...) 7393) 1:1.5:4.5) 2 10) eee Melee eens Meee 1 Ay Se See oats ao 
798... .| 7393) 1:1.5:4.5) 5 | eo Se Se panna kes Kee Ls Le | eae oe ie Se eee ee 
799__ _|-7393) 1:1.5:4.5) 10 | ts eee waa RE ee Lee ce 1075. Le eee 

_ Note.—Figures in parentheses indicate number of specimens tested. Gravel used as coarse aggregate. 
in Nos. 479, 480, 481, 482, 796, 797, 798, 799. Crushed gneiss used in all other tests. 

TIME OF SETTING OF PORTLAND CEMENT. 

TABLE 8.—E fect of oil on time of setting. 

H.m. H.m 
0 | 1 18 as 

| 3 i 31 4 56 
| 5 | 157 5 27 

10 | 2 27 5 57 

The time of setting is delayed with the addition of oil, as shown 
by the above tests, which are plotted on figure 4. These results 
were obtained with the Gillmore needles on specimens subjected to 
identical conditions while hardening. Five per cent of oil delays 
the initial set by 50 per cent and the final set by 47 per cent. 

TOUGHNESS OR RESISTANCE TO IMPACT. 

The toughness or resistance to impact was tested on the Page 
impact machine under the blows of a 10-kilogram hammer falling on 
a 5-kilogram plunger from successively increasing heights of 1 centi- 
meter. The height of the blow causing failure corresponds to the 
number of blows. The end of the plunger in contact with the 
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specimen is spherical in shape, with a radius of 3 centimeters. Speci- 
mens 6 inches in diameter and 6 inches high were tested after first 

bedding them in plaster of Paris before mounting on the anvil of the 
machine. The following results show that the toughness of concrete 
is very little influenced by the addition of a small amount of oil to 
the mixture: 

TABLE 9.—Number of blows required to produce failure. 

1:3:5 concrete. 1:3:6 concrete. 

| Per cent | 
| of oil 

No. 4923. Air- W ater- Air- W ater- 
cured. cured. cured. cured. 

0 18 15 15 21 
23 15 33 14 18 
5 23 20 15 20 

10 13 29 12 21 
15 14 20 13 16 

A view of the impact machine with a specimen under test is shown 
in Plate V. 

STIFFNESS OR MODULUS OF ELASTICITY. 

For testing the effect of oil on the stiffness of concrete, specimens 
8 inches in diameter and 16 inches high were made. The deforma- 
tions under various loads were measured with a double micrometer- 
screw compressometer of the type described by J. M. Porter in the 
Proceedings of the American Oey for Testing Materials, Volume 
X, 1910. “Toads were applied in 2,500 and 5,000 pound increments 
and were released to 500 pounds after each increment of 5,000 pounds, 

and deformation readings were taken for permanent set. Typical 
stress deformation and permanent set curves are shown in figure 5. 
In all cases the initial modulus of elasticity was obtained from the 
slope of the stress-strain curve at its origm. A view of a specimen 
mounted in the testing machine with compressometer attached is 
shown in Plate VI. 

TABLE 10.—Jnitial modulus of elasticity (age 28 days). 

1:3:5 concrete. 1:3:6 concrete. 
Per cent of 

oi 

No. 4923. Air-cured. | Water-cured.| <Air-cured. | Water-cured. 

an ae eee 
0 1,300, 000 2,550, 000 1,300,000 2,200, 000 
24 1,350, 000 2,700, 000 1,000,000 2,400, 000 
5 1, 250, 000 2,350, 000 850, 000 1,900, 000 

10 1, 700, 000 3,950, 000 1,150, 000 1,900, 000 
15 ie 300, 000 2,500, 000 | 730, 000 2,050, 000 

The above results show that oil has little effect on the stiffness of 

concrete. The increased value of the modulus of elasticity of the 
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water-cured over the air-cured specimens is as marked in the oil- 

mixed as in the plain specimens. Tests at one year, although not 

here recorded, show that oil-mixed concrete gains as much in stiffness 

with age as the plain concrete does. 

ABSORPTION. 

The resistance of concrete to the penetration of moisture is meas- 
ured by its absorptive qualities. To test the absorption of oil-mixed 
concrete compared with plain concrete, cylindrical specimens 6 inches 
in diameter and 6 inches high were dried to constant weight in an 
oven, after being cured for 15 days in air. They were then immersed 
in water and weighed from time to time. The results of these tests 
are plotted on figure 6. It will be seen that the oil greatly decreases 
the percentage of absorption; the cylinder containing 10 per cent of 
oil absorbed 1.7 per cent of water, based on the dry weight, while the 
cylinder containing no oil absorbed 6.25 per cent. 

PERMEABILITY. 

To investigate permeability, specimens 8 inches in thickness and 6 
inches in diameter were molded with a surrounding ring of 1:1 mor- 
tar. Before testing, the top and bottom surfaces were chipped off 
in order to eliminate the waterproofing effect of the rich surface 
layers. Plain 1:3 mortar at the age of 28 days under 30 pounds’ 
pressure became damp after half an hour. Under 40 pounds’ pres- 
sure the leakage amounted to 146 cubic centimeters after 24 hours’ 
application. Specimens containing 5 and 10 per cent of oil No. 4923 
remained perfectly tight under 40 pounds’ pressure. 

All permeability specimens made of gravel concrete and contain- 
ing admixtures of oil have remained perfectly tight under 40 pounds’ 
pressure per square inch. Some of the plain gravel specimens made 
to compare with the oil-mixed specimens leaked, while others re- 
mained tight. Broken-stone concrete made with a very inferior grade 
of crushed gneiss is not perfectly water-tight under pressure at early 
periods. 

Even this inferior grade of concrete, however, tends to become 
much less permeable at later periods. The results of all permeability 
tests seem, however, to indicate that the resistance to water pressure 
is dependent more on the care used in proportioning and mixing the 
specimens than upon the addition of any extraneous waterproofing 
materials. » | | 

BOND TESTS. 

To determine the adhesion of oil-mixed concrete to steel reinforce- 
ment, bond tests were made on specimens mixed in the proportions 
of 1:2:4 and containing various percentages of oil Rods 12 inches 
long were embedded in the center of cylinders 8 inches in diameter 
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and 8 inches iene The test consisted in pushing the rods through 
the concrete, and: the point of failure was taken at the drop of the 
scale beam. 
Two kinds of bars were used—plain and deformed. All specimens 

were tested at 28 days, and the results are plotted on figure 7. The 
bond strength is decreased, and the decrease depends directly on 
the quantity of oil in the mixture. It is evident that the bond 
between plain bars and concrete Is so seriously affected by the mixture 
of oil that it would be inadvisable to use such a combination. The 
bond of deformed bars is not so seriously affected, but is somewhat 
decreased by the oil admixture. 

SUMMARY OF CONCLUSIONS. 

The following conclusions as to the effect of the oils used in cement 
and concrete may be drawn from the foregoing investigations: 

(1) The tensile strength of 1:3 oil-mixed mortar is very little 
different from that of plain mortar, and shows a substantial gain 
in strength at 28 days and at 6 months over that at 7 days. 

(2) The times of initial and final set are delayed by the addition 
of of; 5 per cent of oil increases the time of initial set by 50 per cent 
and the time of final set by 47 per cent. 

(3) The crushing strength of mortar and concrete is decreased by 
the addition of oil to the mix. Concrete with 10 per cent of oil has 
75 per cent of the strength of plain concrete at 28 days. At the age 
of 1 year the crushing strength of 1:3 mortar suffers but little with 
the addition of oil in amounts up to 10 per cent. 
(4) The toughness or resistance to impact is but slightly affected 

_ by the addition of oil in amounts up to about 10 per cent. 
(5) The stiffness of cil-mixed concrete appears to be but little 

different from that of plain concrete. 
(6) Elasticity—Results of tests for permanent deformation indi- 

cate that no definite law is followed by oil-mixed concrete. 
(7) Absorption.—Oil-mixed mortar and concrete contaiming 10 

per cent of oil have very little absorption and wee low pressures 
both are waterproof. . 

(8) Permeability—While the laboratory tests to determine the 

waterproofing qualities of oil-cement concrete have not given uniform 
results, those made on oil-mixed cement mortar containing 10 per cent 
of oil have shown that such mortar is practically waterproof under 
pressures as high as 40 pounds per square inch. AIL the tests, whether 
in the laboratory or in construction work, indicate that oil-mixed 
mortar is very effective as a waterproofing agent under low pressures, 
when plastered on either side of a porous concrete or masonry wall. 

(9) The bond tests show the inadvisability of using plain bar 
reinforcement with oil-concrete mixtures. The bond of deformed 



PLATE V. 

IMPACT TEST ON OIL-MIXED CONCRETE. 
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bars is not seriously weakened by the addition of oil in amounts up to 
10 per cent. 

: Notre.—A public patent has been granted for mixing oil with Port- 
land cement concrete and hydraulic cements giving an alkaline reaction, 
and therefore anyone is at liberty to use this process without the pay- 
ment of royaltres. 

Caution.—The addition of any waterproofing or damp-proofing agent to cement mortar or concrete is. 

valueless unless extreme care is exercised in proportioning, in mixing, and in placing the concrete. 
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